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Abstract 
Social and political fallout following the March 2011 Fukushima-Daiichi nuclear disaster permanently altered the 
zeitgeist of global public attitude towards nuclear power and towards energy technology in general. This area of 
public policy, which in Japan is particularly opaque and stagnant, was forced into a period of energy sector review 
amid domestic and worldwide debate. This study explores novel methodologies for measuring these developments, 
covering the 1) framing effects of traditional media and the 2) user-sourced content of social media. This quantitative 
approach yielded the following hypothesis verifications; 1) in an AHP-style online survey, exposure to real and 
simulated nuclear-related disaster headlines reduced collective partiality towards nuclear power by 3% and 4% 
respectively, and 2) retrospective opinion mining of Twitter procured an relative increase in negative nuclear-related 
posts of 38% and 134% in Japanese and English respectively, from the pre to post-Fukushima world. Using nuclear 
power and Fukushima as a case study, this paper attempts to elucidate both the influence of media on the public 
sphere, and the influence of the public sphere on policy and policymakers. From the results it is possible to make the 
conjecture that a lack of scientific education with regard to energy issues increases the former influence, and similarly 
reduces the latter.  
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1. Introduction 
The collective expiration of nuclear power plants worldwide, without lifetime extension, has the 
potential to deduct up to 165,000 MW from global energy generation between 2016 and 2025. The 191 
plants in question, based mainly in OECD nations, require political action to extend the industry standard 
40-year reactor lifetime and avoid the crippling energy deficit. The alternative, according to Schneider et 
al [1], is for one new nuclear power plant to be built every 19 days in the decade mentioned  an 
improbable situation even before the events of March 2011.  
The release of radioactive materials following the meltdown in reactors 1, 2 and 3 of the Fukushima I 
Nuclear power plant caused thousands of neighboring residents to be displaced, contaminated sea life as 
far away as California and recently, mutated local butterflies. Nonetheless, this physical fallout pales in 
comparison to the social and political fallout which has ensued since. Media coverage of the events 
caused widespread alarm in the voting populations of Japan, Germany and others - introducing energy 
awareness and vocabulary to the public sphere in the most dramatic fashion since the Chernobyl disaster 
of 1986. Searches in Japanese language for   caused  the first ever 
non-Latin script search term to feature on the annual list of top 10 fastest rising Google searches [2].  
This study attempts to map the policy dynamics in the 18-month period following the 11th March 2011 
by focusing on the public sphere, namely; the influence on the public (how media interpretation of 
disasters affects public opinion) and the influence of the public (to what extent public opinion diverges 
from eventual decisions by energy ministers). 
2. Experiments  
2.1 Relative AHP-Style survey  
A  illustrates the typical character of research 
into the effect of the media on the public: theoretically and empirically vague [3]. Hence, in the interest of 
simplicity, a survey was designed with a clear hypothesis to trial; that a lack of scientific understanding of 
the issues relating to the Fukushima disaster and nuclear power in general mean that public opinion will 
be shaped considerably by the media version of events. Conventional surveys which took place following 
the disaster support this claim; Kubota compiles various polls to show that opinion on nuclear power was 
swayed significantly by the event, across Japan and as far away as Germany - where virtually all 
information on the event is available via media outlets [4]. However, some pre-Fukushima literature on 
energy and the public contain views that conflict with the hypothesis; for example Corner et al asserts that 
existing interest and at least a superficial knowledge of the technology, on both sides [4].  
Regardless, the premise can be tested directly by obtaining the partiality of survey-takers towards the 
three most recognizable categories of energy technologies  
), and fossil fuels. The design of the survey borrows from 
Analytical Hierarchy Processing (AHP); a pair wise comparison system that allows a weighted result to 
be drawn from very straightforward balancing of priorities [6]. Though generally not applied collectively, 
the trade-
accurate representation of the natural predilection of the average survey-taker. Represented as a easy-to-
use slider (see Figure 1), the AHP-style survey forces the participant to weigh up each technology area 
without the arduous task of deciding which one he/she prefers in binary terms.  
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Fig 1. Screenshot of the AHP-style question as it appeared live, with sliders corresponding to a data point between 0 and 10.  
The key weakness of the conventional surveys mentioned earlier is that of any survey; the subjectivity 
of the audience. In one of the largest measurements of the public reaction to Fukushima, an Ipsos survey 
of May 2011 interviewed an international sample of 18,787 adults from 24 countries on their feelings 
towards nuclear power in light of the disaster [7]. Despite the enormity of the project, the 1000+ 
participants per country do not necessarily represent the energy views of each respective nation. In the 
case of the United States, the stated percentage of 44% supporting the continuation of nuclear builds is 
drawn from a sample which accounts for 0.0005% of the voting age population [8]. This survey avoids 
this problem to some extent by exclusively drawing conclusions from relative results  comparing the 
answers of various groups drawn from the same demographic in order to cancel the inevitable error 
associated with small sample sizes. 
In this case, there are three different surveys, but each participant is only aware of the one they are 
randomly assigned to on entry. One is a control survey, which plainly contains the AHP-style question. 
The other two surveys contain the same question, but additionally images of news headlines which appear 
alongside. Furthermore, there are two more questions which force the survey-taker to acknowledge and 
read the headlines, and make a decision on which is the most and least concerning. However, it is the 
subsequent input of partiality towards the three energy categories, now that the headlines and their 
insinuations have been digested, that can be compared to the control group and provide relative results. 
The two groups besides the control are differentiated by the type of news headlines that appear;  
Group 1 (Real Nuclear Group) consisted of four real headlines drawn from the first two weeks after 
the Fukushima disaster, from the global top four media websites (in terms of online readership). The news 
company name was included to mimic the subjective variation in confidence readers may have depending 
on the news source. The four headlines were as follows; 
-hit power station  (Mail Online), 
Japan Raises Danger Level at Power Plant  (The New York Times), Contaminated water heightens 
concern over nuclear plant  (USA Today) and Tokyo streets and shops empty  and the air is heavy 
with fear   (The Guardian).  
Group 2 (Simulated Nuclear Group) consisted of three fake headlines designed and portrayed as 
coverage of real events. A balance of plausibility and severity was required to induce a fresh headline 
effect similar to that experienced just after the Fukushima disaster.  The three headlines were as follows; 
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North Korean workers die in nuclear testing facility , 
 and 
 
The survey was launched on alternative news site the Urban Times.  
2.1 Topic Composition Mining  
Extraction, aggregation and analysis of posts from micro-blogging site Twitter have been previously 
used by researchers and the private sector for various purposes; including forecasting stock market 
changes or box-office revenue for movies [9]. The Tohoku earthquake and tsunami, which caused 
unprecedented death, destruction and the Fukushima meltdown, has also been evaluated in terms of the 
Twitter reaction. Doan et al [10] discuss Twitter as tool for measuring anxiety in the face of natural 
disasters, while Sakaki et al [11], though their paper was published pre-Fukushima, go a step further in 
designing an algorithm for an earthquake reporting system which considers each Twitter user as a discrete 
sensor.  
The purpose of data mining in this case is to test the second hypothesis, namely; that nuclear-related 
Tweets in Japanese language, acquired before and after the Fukushima disaster, will show a significant 
increase in negativity, both in terms of energy-specific vocabulary and general sentiment indicators 
(English only), and this negativity will experience a similar increase once again after June 16th 2011, 
when the Japanese government announced the restart of their nuclear programme. In support of this 
experiment, a software package was developed using the Python programming language that automated 
the collection of nuclear-energy related tweets, the assignment of t
of basic statistics and English language sentiment analysis functionality (employing Sentistrength). Due 
to the lack of archival availability of tweets directly from Twitter, tweets were collected utilizing calls to 
the Topsy API, which provides direct access to Twitter data from 2009 up to the present day. 
There are various advantages to focussing on Japanese language tweets. According to Semiocast, 
virtually all Japanese tweets originate in Japan (whereas English tweets emerge from multiple countries). 
Based on 1 billion tweets analysed in 2012, Japanese remains the 2nd most used language on Twitter. In 
terms of frequency of usage, Japanese users are the 2nd most active in the world, after the Netherlands. 
Finally, there are over 34 million accounts based in Japan, the third highest number of users by country 
after the USA and Brazil [12]. 
Nuclear related tweets are also advantageous as an umbrella topic, as they are relatively easy to attain. 
Once all mentio its synonyms are removed, virtually all remaining posts 
Agichtein et al [1] concerning quality of content, typos and misspellings of any keywords (e.g. nuclear) 
were ignored. The umbrella topic keywords were as follows (Japanese translations in brackets); Nuclear 
power ( ), Nuclear ( ), Nuclear energy ( ).  
Though sentiment analysis tools such as Sentistrength can detect positive and negative emotion in 
short texts with an accuracy of over 60% and 72% respectively, (detailed by Thelwall et al) [13], this 
approach is most appropriate for informal language, not the more technical terms that tend to appear in 
nuclear related tweets. Therefore in order to measure the evolution of sentiment towards nuclear most 
accurately, a keyword dictionar
before and after Fukushima. This was achieved by starting with the modern pillars of energy policy; four 
essential considerations for any technology or energy project.  
They are, in alphabetical order: 1) Economics, 2) Environment, 3) Health & Safety and 4) Security.  
select these keywords and improve the vocabulary, an iterative process was embarked upon. An initial set 
of keywords drawn from news articles relating to nuclear power was run to procure the first tweets, and 
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from those returned results new keywords were discovered and prioritized. By repeating this process it 
was possible to develop the vocabulary of each bucket. Of the four buckets, 1), 2), and 4) contain words 
that are primarily used to describe nuclear power in a positive light, whereas bucket 3) contains words 
which are primarily used to describe nuclear power in a negative light. Even if words from bucket 3) are 
used to defend nuclear, this implies a prerequisite for its defence. This method was also tested by 
with evolution of the Health & Safety bucket over the same time period (using English keywords).  
Hence, these four categories, whose keywords feature in the majority of nuclear (and indeed all 
energy) discussions, can be used to interpret the change in sentiment towards nuclear power in Japan. 
This was accomplished by searching for all nuclear related terms in various time periods, from which the 
appearances of keywords can be recorded and the percentage representation of each bucket found  
days, divided into four 
phases; pre-Fukushima (January 2011, February 2011), post-Fukushima (April 2011, May 2011), before 
the nuclear restart (May 2012), after the nuclear restart (July 2012).  
Using the developed package, the evolution of the topic composition through these 18 months can be 
viewed. The actual months which contain the events of interest (March 2011 and June 2012), were left 
out to avoid excess noise. This experiment was also repeated with English language Tweets. These were 
processed in a similar fashion, but with an added pre-processing step wherein every word in each tweet 
was first reduced to their word stem in order to maximize the accuracy of finding matching vocabulary 
terms. In both cases, fuzzy assignment was employed, with each tweet able to be classified into multiple 
buckets if terms from differing buckets were found within the content of the same tweet. 
3. Results  
3.1 Relative AHP-Style Survey  
The total number of survey takers was 342 people, from 33 different countries and 5 continents. After 
averaging the results for all survey-takers and applying the AHP methodology to that average, it was 
possible to obtain an overall weighting of Nuclear power against the other energy categories. This process 
was then performed separately for each of the three separate surveys; the Control group (108 
participants), Group 1 with Real Nuclear headlines (48 participants) and Group 2 with Fake Nuclear 
headlines (62 participants). The average weighting of Nuclear Power against Renewables and Fossil Fuels 
was 20.84%, compared to 64.71% for Renewables and 14.45% for Fossil Fuels. Based on the Urban 
Times demographic (the website which hosted the survey), these results are unsurprising. The majority of 
readers are environmentally conscious and generally anti-nuclear.  
In a separate experiment, the remaining 124 survey-takers were exposed to fake Renewable and fake 
Fossil Fuel headlines, neither of which exhibited any measurable effect. This further confirmed the 
strength of pre-survey partiality towards certain energy sources  hence the absolute result is not 
particularly compelling.  
Conversely, the relative result shown in Figure 2 to some extent verifies the first hypothesis; that 
exposure to nuclear disaster related headlines caused an average reduction in partiality towards nuclear 
power. These headlines were seemingly included for unrelated reasons, and yet just seeing them before 
answering questions on energy choices subliminally caused a collective aversion to nuclear power. It is 
reminder of real headlines from the Fukushima disaster. The percentage reduction in weighting compared 
to the control group was 3.23% and 4.36% for the real nuclear group and fake nuclear group respectively.  
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Fig 2. Collective weighting for Nuclear power using averaged scores of all survey-takers answers and AHP processing, and 
comparing the three groups. 
3.2 Topic Composition Mining  
For all nuclear related tweets in the months of January, February, April and May 2011, the final set of 
produced the breakdown shown in Figure 3. The results have 
been averaged into the equivalent of two 60 day periods, before and after the Tohoku earthquake and the 
initial phase of the Fukushima-Daiichi nuclear disaster (March 2011, the month of the disaster, is not 
included).  
 
Fig 3. Topic composition for all nuclear related Japanese language tweets for 60-day periods before and after the Fukushima nuclear 
disaster, which began on March 11th 2011.  
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The results are a strong evidence for the original hypothesis, which predicted a significant increase in 
the propagation of negative tweets relating to nuclear power.  The Health and Safety bucket, containing 
particular keywords that are associated with the negative aspects of nuclear power, increases its relative 
share of nuclear related posts by nearly 38%. Furthermore, the equivalent Health and Safety bucket for 
English language tweets increased its relative share by over 134%.  This is an indication of a greater 
concern in Japan about nuclear safety issues prior to the Fukushima accident than that which pre-existed 
elsewhere in the world.  
In order to demonstrate the statistical significance of this result, a Chi squared ( ²) test was run using 
the data procured for February and April 2011. This calculation shows the probability of a relationship 
existing between respective values for bucket 3) between the pre-Fukushima month and post-Fukushima 
month. By compiling a 2x2 ta
shows a far larger sample size post-Fukushima: this is accounted for in the Chi squared test. The totals are 
used to calculate expected values, from which the Chi squared ( ²) value is shown to be 31.263. For a 2x2 
table and an accepted error of 5%, the standard result for Chi squared is 3.84. As 31.263 > 3.84, the result 
is indeed statistically significant.  
Figure 3 also shows that the Environmental bucket share did not change significantly due to the 
Fukushima disaster, whereas mentions of Economic related keywords together with Nuclear was 
appreciably reduced. This is evidence for a substitution of public priority in Japan; environmental issues 
retain their importance but economic advantages are ignored in the face of apparent health risks.  
Figure 4 has two main features to discuss. The drop in the relative share of Health & Safety by May 
2012 is surprising: a 52% reduction from the pre-Fukushima months of January and February 2011. 
same share, which again fits with the hypothesis. This shows that though public opinion, as reflected via 
social media, did not maintain the anti-nuclear stance evident in the months after Fukushima for long, the 
decision of the Japanese government to restart 2 reactors in mid-June stirred the debate out of its slumber. 
Economic related posts still dominate, but this may not remain the case as more reactors come online and 
the protests and safety discourse which inevitably follow start to grow.  
 
 
Fig 4. Topic composition for all nuclear related Japanese language tweets for 30-day periods before and after the Japanese 
governmental decision to restart two nuclear reactors, announced on the 16th June 2012.  
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Figure 5 shows the entirety of data points (6 x 30 days, 4 buckets) for the Japanese tweets collected 
between January 2011 and July 2012, a total of 96,946 tweets relating to Nuclear power which also fall 
into at least one of the buckets. This figure is purely to illustrate the evolution of the Nuclear Profile 
between January 2011 and July 2012; the changes in percentage share of each bucket.  
 
 
 
Fig 5. The evolution of topic composition for all nuclear related Japanese language tweets between January 2011 and July 2012. 
Note: Known quantities are shown as data points (6 in total for each bucket), but the smooth line may not be accurate. First data 
point on x-axis is January 2011, shown as x=1 here (i.e. Fukushima disaster begins approximately at x=3.3) 
Figure 6, which portrays results from the English keyword experiment, shows a strong correlation 
between the percentage share evolution of the Health & Safety bucket and the evolution of negative 
sentiment, both for nuclear related Tweets and for the same time period. The former is relative to the 
other three buckets of the nuclear profile (Economics, Environment, and Security) and the latter is relative 
to the other two options for sentiment (Neutral, Positive). Thus, despite the lack of access to an official 
sentiment analysis tool for Japanese tweets, Figure 6 shows that profile is a similar gauge of the 
evolution of public partiality towards nuclear power as the commonly used sentiment tool.  
 
 
 
Fig 6. Percentages share of Health & Safety bucket and Negative sentiment tweets (using English language tweets for both and 
Sentistrength for the sentiment analysis) for the 30-day periods of January, February, April and May 2011.  
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4. Conclusion 
Using the Fukushima-Daiichi nuclear disaster as a case study, the two experiments sought to employ 
novel approaches in pursuit of shedding light on energy policy dynamics. This paper attempts to gain 
insight into the complex series of events commencing after a disaster like Fukushima, and ending with the 
policy response. Media interpretation and public reaction are two fundamental features of this path.  
The first experiment tested a proposition about the second part of this process. 
assess
inevitably picks a side in the debate [15]
scientific based events stron  and thus the negative 
effects of a partisan media are exacerbated. Unlike a debate over the death penalty, which primarily 
entails a moral stance, a discussion about the pros and cons of nuclear power has knowledge hurdles 
which include everything from a medical understanding of radiation sickness to fiscal comprehension of 
energy system investments. In the case of the Fukushima disaster, this debate was framed to a large extent 
by the stance of local and international news coverage [16].  
The second experiment provided an evolution of the sub-categories within nuclear related tweets from 
Japanese users. This proved the effect of the Fukushima disaster, a physical event, and to a lesser extent 
the effect of the nuclear restart, a political event. It can be argued that the latter will stimulate the 
discussion once more in Japan, as the unease reflected quantitatively in the results of April and May 2011 
may not have faded. From a technical standpoint,  the system of keyword-
profile for nuclear debate is an functional alternative to conventional sentiment analysis of Twitter posts, 
particularly applicable to more complex subjects.  
Could the same approaches be applied to other energy sources? According to Wüstenhagen et al, 
social acceptance as a hurdle to the adoption and diffusion of energy technologies is not restricted to 
nuclear  it can be just as significant with a seemingly harmless technology like wind energy [17]. Those 
in the fossil fuel camp have been monitoring public opinion longer than anyone. But as public access to 
information increases, so does the sophistication of the discussion - and innovative tools and experiments 
to analyse the public sphere are increasingly valuable, irrespective of which side one sits in the energy 
debate.  
Future work will include the development of a Japanese sentiment analyser, and the application of the 
nuclear profile to German-language tweets. Furthermore, an in-depth examination of micro-events in the 
Twittersphere will be conducted in order to elucidate the nature of high impact Tweeters (be they experts 
or media sources), and with this ultimately improve the policy response.  
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